INTRODUCTION
============

In many respects, there are significant overlaps between mood disorders and attention deficit hyperactivity disorder (ADHD). First, ADHD is one of the most frequent comorbid psychiatric conditions observed among patients with bipolar disorder (BPD) during childhood. For example, in the United States, ADHD is frequently diagnosed in children with BPD, and BPD is often comorbid in children with ADHD.[@b1-cpn-14-088],[@b2-cpn-14-088] Second, both of these disorders are more frequently identified in the relatives of patients with the other disorder compared with the normal population. One meta-analysis found that ADHD is more common in the relatives of patients with BPD than in normal controls and that BPD is more common in the relatives of patients with ADHD than in normal controls.[@b3-cpn-14-088] Third, in clinical terms, the features of ADHD are often so confused with those of BPD, especially during childhood, that some cases have ambiguous diagnoses. Fourth, it has been suggested that the features of childhood ADHD are related to adult mood disorders. The impulsivity and inattention associated with childhood ADHD as measured by the Wender Utah Rating Scale (WURS) are more significantly related to BPD type II (BPD II) than to BPD type I (BPD I). Additionally, our research group has shown that the mood instability and anxiety associated with childhood ADHD are significantly related to major depressive disorder (MDD) in adulthood.[@b4-cpn-14-088] Taken together, these findings suggest that ADHD and mood disorders may share common genetic susceptibilities. Although there are many possible genetic candidates, the serotonin transporter gene is one of the most promising options because serotonergic neural transmission is well known to be important in mood, attention, and impulse control.

The serotonin transporter-linked polymorphic region (5-HTTLPR) for SLC6A4 is a 44-bp insertion/deletion variable-number tandem repeat polymorphism located upstream of the transcription initiation site. This genetic region has two common variations: a long allele (l allele, 16 repeats) and a short allele (s allele, 14 repeats). Because the job of the serotonin transporter is to reuptake serotonin from the neuronal synapse, its function likely plays a major role in determining the activity of serotonin in the synapse. The s allele has a lower transcriptional efficiency than the l allele has[@b5-cpn-14-088],[@b6-cpn-14-088] and typically exhibits a greater degree of vulnerability to social stressors.[@b7-cpn-14-088],[@b8-cpn-14-088] However, there is still controversy regarding the association of 5-HTTLPR with depression. The recent study investigating this link was a meta-analysis of 54 studies, which found that the s allele was associated with an increased risk of depression under conditions of stress.[@b9-cpn-14-088]

Thus, the present study evaluated the possible genetic contribution of 5-HTTLPR to the features of childhood ADHD in adult patients with different types of mood disorders including BPD I, BPD II, MDD single episode, and MDD recurrent. Childhood ADHD features were measured using the Korean version of the WURS (WURS-K), and factor analyses were also performed. Association analyses were conducted to determine the relationships of the factors of the WURS-K with the 5-HTTLPR genotype.

METHODS
=======

Subjects
--------

Our research group has previously reported that patients with mood disorders and healthy adults have significantly different factor scores on the WURS.[@b4-cpn-14-088] The present study utilized the same pool of normal controls and patients with mood disorders as participated our previous study but also included additional subjects because more patients were continuously recruited after the completion of the previous reports. All patients were recruited from Eulji General Hospital (Seoul, Korea) and Seoul National University Hospital (Seoul, Korea) and were diagnosed based on the diagnostic criteria of the Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSM-IV). The patients were individually interviewed by research nurses using the Korean version of the Mini-International Neuropsychiatric Interview (MINI), and consensus diagnostic meetings between two psychiatrists, including the psychiatrist in charge of the psychiatric treatment of each patient, were conducted to determine the final diagnosis of each subject.

Subjects were excluded from the present analyses if they had a history of any kind of organic brain abnormality, substance dependence, drug abuse, or any other physical condition that could manifest as a psychiatric disorder. The normal control subjects were recruited from among college students, nurses, and fire and public protection officers. Each control subject completed a brief psychiatric interview performed by a psychiatric research nurse to evaluate current and past psychiatric illnesses. Subjects with a lifetime history of major psychiatric illness and/or brain trauma were excluded from the control group. All patients and control subjects were ethnically Korean. The final analyses of the present study included 232 patients with MDD (88 patients with MDD single episode and 144 patients with MDD recurrent), 154 patients with BPD (117 patients with BPD I and 37 patients with BPD II), and 1,288 normal controls. All subjects who participated in this study signed a written informed consent form, and the study protocol was approved by the ethics committee of Eulji General Hospital (Eulji 12--69).

Measurement of Childhood ADHD Features
--------------------------------------

The childhood ADHD features of the subjects were measured using the WURS-K. The WURS consists of 61 items and was developed to retrospectively assess adults to determine the severity of their ADHD symptoms during childhood.[@b10-cpn-14-088] The short form of the WURS includes 25 of the original items. The WURS-K was developed from the short form of the WURS and was standardized using normal Korean female adults.[@b11-cpn-14-088]--[@b14-cpn-14-088]

Genotyping
----------

DNA was extracted from blood samples using a DNA isolation kit (Roche, Mannheim, Germany), and the 5-HTTLPR polymorphism was genotyped by synthesizing the primers for 5-HTTLPR with the sequences for stpr5 (5′-GGCGTTGCCGCTCTGAATGC-3′) and stpr3 (5′-GAGGGACTGAGCTGGACAACCAC-3′). A 10 μl aliquot with 50 ng/μl of DNA, 2 μl of 20 mM dNTP mix (Roche), 0.5 μl of each 20 pM primer, 1.5 μl of 10× buffer, 1.5 U of Taq polymerase (Roche), and 9.2 μl of distilled water was mixed to create a 15 μl polymerase chain reaction (PCR) reaction volume. The PCR procedure was carried out as follows: 5 minutes at 94°C to denature the DNA sequence, 35 cycles at 94°C for 30 seconds, 64°C for 30 seconds, and 72°C for 1 minute, and then 7 minutes for amplification at 72°C. The PCR products were examined by electrophoresis for 30 minutes on a 3% agarose gel stained with ethidium bromide. The DNA sequencing of the PCR products for several subjects was performed to confirm the 5-HTTLPR genotype.

Statistical Analysis
--------------------

For the factor analysis, a principal component analysis was conducted. The Kaiser-Meyer-Olkin measure of sampling adequacy (0.95) and Barlett's test of sphericity (*p*\<0.001) showed that this sample was appropriate for the factor analysis. Because previous studies have shown that the WURS-K has a consistent three-factor structure,[@b12-cpn-14-088]--[@b14-cpn-14-088] the factor analysis was performed under conditions in which only three factors could be extracted. These three factors were correlated with one another, and a promax rotation was performed to maximize the loading of each variable on one of the extracted factors and to minimize the loading on all other factors; the rotation converged after nine iterations. Subsequently, an analysis of variance (ANOVA) was performed to compare the scores of the five diagnostic groups (BPD I, BPD II, MDD single, MDD recurrent, and control), and then the total and factor scores on the WURS-K were compared among the 5-HTTLPR genotypes (ss, sl, ll) within each group using ANOVA. A *p* value \<0.05 was considered to indicate statistical significance. Additionally, a genotype association analysis of the five diagnostic groups was performed using a chi-square test. Statistical Package for the Social Science (SPSS) ver. 12.0 software (SPSS Inc., Chicago, IL, USA) was used for all analyses.

RESULTS
=======

Demographic Characteristics
---------------------------

The gender distribution of the sample population in the present study was not even because more female subjects were available during the collection of the sample; the number of females subjects (n=1,093) was almost double the number of male subjects (n=581). However, the proportion of female subjects in each of the diagnostic groups was similar. The mean ages for the MDD, BPD, and normal control groups were 52.81±14.20 years, 37.69±12.97 years, and 25.07±6.05 years, respectively. Additional detailed information regarding the number of subjects and the mean age for each group is provided in [Table 1](#t1-cpn-14-088){ref-type="table"}.

Factor Analysis of the WURS-K
-----------------------------

The loading patterns of the three factors were matched with the terms impulsivity, inattention, and mood instability, as previously described in studies from our research group and others.[@b4-cpn-14-088],[@b14-cpn-14-088],[@b15-cpn-14-088] The factors explained 50.44% of the total variance, including 41.80% of the variance for the impulsivity factor, 8.06% of the variance for the inattention factor, and 6.29% of the variance for the mood instability factor. The three factors were correlated with one another; the correlation coefficients for impulsivity and inattention, impulsivity and mood instability, and inattention and mood instability were 0.49, 0.58, and 0.49, respectively ([Table 2](#t2-cpn-14-088){ref-type="table"}).

WURS-K Total and Factor Scores
------------------------------

The WURS-K total scores for the MDD, BPD, and normal control groups were 27.72±20.96, 24.08±19.21, and 19.37±14.77, respectively. Additional detailed information regarding gender is provided in [Table 1](#t1-cpn-14-088){ref-type="table"}. As expected, based on our previous findings,[@b4-cpn-14-088],[@b14-cpn-14-088] there was a highly significant difference in the total and factor scores among the diagnostic groups, F=16.079, *p*\<0.001 for the total score, F=2.966, *p*=0.019 for the impulsivity factor, F= 23.846, *p*\<0.001 for the inattention factor, and F=20.439, *p*\<0.001 for the mood instability factor. The differences among the diagnostic groups are illustrated in [Figure 1](#f1-cpn-14-088){ref-type="fig"}.

Associations of the Factor Scores with the 5-HTTLPR Genotype
------------------------------------------------------------

In the BPD II group, the 5-HTTLPR genotype was significantly associated with the total score (*p*=0.029) and the impulsivity factor (*p*=0.004) on the WURS-K. However, neither the inattention factor nor the mood instability factor was associated with the 5-HTTLPR genotype. In the BPD I, MDD, and normal control groups, no associations between the WURS scores and the 5-HTTLPR genotype were found. [Table 3](#t3-cpn-14-088){ref-type="table"} summarizes the results of the association analyses.

Associations of the Mood Disorders with the 5-HTTLPR Genotype
-------------------------------------------------------------

A chi-square test comparing the BPD, MDD, and normal control groups was performed to investigate whether there was an association between the 5-HTTLPR genotype and the diagnosis of a mood disorder rather than any quantitative subphenotype. No such association was found, and additional analyses according to gender also found no associations ([Table 4](#t4-cpn-14-088){ref-type="table"}).

DISCUSSION
==========

The serotonergic system is thought to be the most important underlying component of mood disorders, and a number of studies have investigated the role of this neurotransmitter in patients with MDD and BPD.[@b16-cpn-14-088]--[@b18-cpn-14-088] In contrast, few studies have investigated the role of serotonergic genes in ADHD. Animal studies have suggested that serotonergic pathways are a significant contributor to the development of ADHD,[@b19-cpn-14-088],[@b20-cpn-14-088] and human studies have shown that there are associations between self-blame and ADHD symptoms in patients with the high and low serotonin activity genotypes.[@b21-cpn-14-088] Furthermore, 5-HTTLPR has pleiotropic effects on the childhood adversity associated with ADHD as well as violent behavior.[@b22-cpn-14-088]

The comorbidity of mood disorders and ADHD is not rare in clinics, and in fact, more severe mood disorders are commonly associated with comorbid ADHD.[@b23-cpn-14-088] Unfavorable side effects from being medicated with a mood stabilizer have also been reported.[@b24-cpn-14-088] Similar to ADHD and BPD, the comorbidity of MDD with ADHD is associated with more severe clinical manifestations. Comorbid patients have more frequent recurrence of MDD,[@b25-cpn-14-088] an earlier age of onset, longer duration of depressive illness, and higher rates of suicidality and hospitalization than do MDD patients without ADHD.[@b26-cpn-14-088] Taken together, these studies indicate that there are common genetic vulnerabilities underlying ADHD and mood disorders, but the specific genetic factors associated with comorbid ADHD and mood disorders are different from those associated with mood disorder patients without ADHD.

In the present study, the frequencies of the l allele in the control group and among all patients were 21.8% and 19.0%, respectively, and the frequencies of the ll genotype in the control group and for all patients were 6.8% and 5.7%, respectively. These profiles are consistent with previous studies of Asian populations, including Korean,[@b27-cpn-14-088]--[@b29-cpn-14-088] but are very different from studies of Caucasian populations. In Caucasians, the frequencies of the ll genotype and l allele were 33% and 55%, respectively.[@b30-cpn-14-088] In the present study, there was a significant association between childhood impulsivity and the 5-HTTLPR genotype, but only in patients with BPD II. More specifically, the ll genotype was associated with a greater degree of childhood impulsivity in BPD II patients; moreover, there were dose (number of l allele)-dependent relationships among the ll, ls, and ss genotypes along a spectrum from more impulsive to less impulsive. This particular finding does not agree with those of most previous studies that have investigated the association of the s allele with a particular psychopathology. For example, the ss genotype of 5-HTTLPR was shown to have a strong association with conduct disorder,[@b31-cpn-14-088] and the s allele was significantly related with violent suicidal attempts in schizophrenia patients.[@b32-cpn-14-088] In contrast, it has also been reported that 5-HTTLPR is not associated with the response to methylphenidate treatment[@b33-cpn-14-088] or aggressive behavior in ADHD patients.[@b34-cpn-14-088] For mood disorder, since a lot of studies done on the relationship between 5-HTTLPR and depression worldwide, meta-analytic studies investigating whether s or l allele is associated with depression have been conducted. In the meta-analysis done by Karg *et al*.,[@b9-cpn-14-088] the main finding was that s allele of the 5-HTTLPR was associated with increased risk of MDD following stressors. However, contrary to the main finding, 15 out of the 54 studies reported no association between the s allele, stress and depression. Furthermore, six studies reported that l allele was associated with depression after significant stress. In spite of the robust overall evidence of association between s allele of the 5-HTTLPR, environmental stress and depression, it should not be ignored this association is not universal, i.e., there are studies found the association between l allele and depression under the stress.[@b17-cpn-14-088] In general, the role of 5-HTTLPR in the manifestation of ADHD and depression is inconclusive, and further study is required to elucidate this issue because the biological meaning of this genotypic association remains unclear.

The comparisons of the WURS-K scores among the different diagnostic groups are illustrated in [Figure 1](#f1-cpn-14-088){ref-type="fig"}. BPD II patients had the highest total score on the WURS-K. Our research group has previously demonstrated that the impulsivity and inattention factors associated with childhood ADHD are more significantly related to BPD II than to BPD I.[@b4-cpn-14-088] In the present study, the MDD group was subdivided into MDD recurrent and MDD single episode groups, and the MDD recurrent group exhibited the second highest WURS total and factor scores of all subjects. Thus, the BPD II group was more similar to the MDD recurrent group than the BPD I group was. Furthermore, although the MDD recurrent group was found to be similar to the BPD II group as a phenotype based on the WURS-K scores, this MDD group differed from the BPD II group in that there was no association with 5-HTTLPR. Therefore, the MDD recurrent group would be more homogenous as a diagnostic entity than the MDD single group would. Furthermore, if the MDD group were not differentially categorized as MDD recurrent and MDD single, it is highly possible that there would be a phenocopy representing multiple origins and with considerable heterogeneity of genetic etiologies. Therefore, MDD recurrent patients should be studied independently of MDD single patients. In terms of childhood characteristics, the close relationship between MDD recurrent and BPD II in the present study suggests that these patients share a common developmental trajectory, but further investigation is required to elucidate this issue.

BPD II is considered different from BPD I in many clinical aspects. BPD II patients are more likely to be female and to have an earlier age of onset,[@b35-cpn-14-088] and social and simple phobias are over-represented in BPD II patients.[@b36-cpn-14-088] In terms of social function, BPD II patients exhibit higher rates of interpersonal conflicts, marital instability, and family breakdown.[@b37-cpn-14-088] In terms of temperament, elevated irritability, anxious worrying, self-criticism, interpersonal sensitivity, and lower social avoidance are more frequently observed in BPD II patients,[@b38-cpn-14-088] but the episodes are briefer and manifest in the same manner during euthymic periods. However, no published studies have investigated the developmental differences between patients with BPD I and patients with BPD II. The findings of the present study further support the differences between BPD I and BPD II regarding the childhood characteristics of patients and their association with 5-HTTLPR.

There are several limitations to the present study. First, the sample size of the BPD II patients was not sufficient to provide appropriate statistical significance. Second, 5-HTTLPR is only one polymorphic site of the serotonin transporter gene, and cannot, in and of itself, represent the full association between the gene and a specific 5-HTTLPR phenotype. However, the 5-HTTLPR polymorphism is a functional and very well-known candidate gene underlying a number of psychiatric disorders. Finally, although the present study analyzed the total score on the WURS-K, the data were also assessed using factor analyses and then analyzed separately according to the diagnostic groups. Thus, there is an issue regarding multiple comparisons, and the present findings should be interpreted cautiously due to the level of significance used.

In conclusion, the present findings suggest that the 5-HTTLPR genotype may play a role in the impulsivity expressed during childhood by adult BPD II patients. This relationship was not present for the other mood disorders assessed. Considering the sample size and level of significance in the present study, the genetic influence of 5-HTTLPR was not strong on the childhood ADHD features of patients with adult mood disorders. Thus, there are likely other genes that contribute as mediators between the features of childhood ADHD and adult mood disorders. Further studies on other candidate genes such as *5HT2A*, *DAT1*, and *DRD4* are warranted to fully understand the possible common genetic relationships between mood disorders and ADHD. Additionally, larger sample sizes, particularly for BPD II patients, are necessary to support the present findings.
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![Comparisons of the Korean version of the Wender Utah Rating Scale (WURS-K) scores among the five diagnostic groups. (A) Total score, (B) impulsivity factor score, (C) inattention factor score, and (D) mood instability factor score on the WURS-K. MDD, major depressive disorder; BPD, bipolar disorder.](cpn-14-088f1){#f1-cpn-14-088}

###### 

Number of subjects, age, and WURS-K total score for each diagnostic group

  Diagnosis         Total   Male          Female                                                              
  ----------------- ------- ------------- ------------- ----- ------------- ------------- ----- ------------- -------------
  Control           1,288   25.07±6.05    19.37±14.77   475   27.39±8.34    19.47±15.66   813   23.71±3.53    19.31±14.23
  MDD               232     52.81±14.20   27.72±20.96   51    51.12±18.45   33.14±23.99   181   53.29±12.77   26.19±19.82
   MDD, single      88      50.22±16.17   26.36±21.69   25    51.12±17.95   31.92±24.44   63    49.86±15.55   24.16±20.29
   MDD, recurrent   144     54.40±12.64   28.55±20.53   26    51.12±19.28   34.31±23.99   118   55.12±10.63   27.28±19.57
  BPD               154     37.69±12.97   24.08±19.21   55    37.80±13.42   26.89±19.45   99    37.63±12.79   22.52±18.99
   BPD, type I      117     38.62±12.95   22.49±18.87   47    37.74±13.24   25.62±18.43   70    39.21±12.81   20.39±19.00
   BPD, type II     37      34.73±12.79   29.11±19.65   8     38.13±15.40   34.38±24.69   29    33.79±12.11   27.66±18.27

Values are presented as number only or mean±standard deviation.

WURS-K, Korean version of the Wender Utah Rating Scale; MDD, major depressive disorder; BPD, bipolar disorder.

###### 

WURS items and three factor structure

  Variable                                                           Factor 1   Factor 2   Factor 3
  ------------------------------------------------------------------ ---------- ---------- ----------
  WURS Items                                                                               
   Temper outbursts, tantrums                                        0.79       −0.12      0.09
   Stubborn, strong willed                                           0.76       −0.18      −0.09
   Disobedient, rebellious, sassy                                    0.75       −0.03      0.02
   Acting without thinking, impulsive                                0.75       0.27       −0.21
   Trouble with authorities & school, visits to principal's office   0.63       0.14       −0.21
   Irritable                                                         0.59       −0.14      0.41
   Hot or short tempered, low boiling point                          0.59       −0.16      0.39
   Tendency to be or act irrational                                  0.58       0.28       −0.02
   Trouble seeing things from someone else's point of view           0.57       0.29       −0.09
   Angry                                                             0.54       −0.16      0.50
   Moody, ups and downs                                              0.50       −0.11      0.43
   Trouble with stick-to-it-tiveness                                 0.38       0.36       −0.01
   Overall a poor student, slow learner                              −0.05      0.81       −0.01
   Trouble with mathematics or numbers                               −0.13      0.74       0.05
   Not achieving up to potential                                     −0.16      0.71       0.21
   Unpopular with other children                                     0.06       0.52       0.11
   Tendency to be immature                                           0.40       0.52       −0.08
   Losing control of myself                                          0.44       0.48       −0.02
   Concentration problems, easily distracted                         0.14       0.28       0.10
   Inattentive, daydreaming                                          0.09       0.37       0.36
   Anxious, worrying                                                 −0.18      0.10       0.89
   Sad or blue, depressed, unhappy                                   0.04       0.01       0.80
   Nervous, fidgety                                                  −0.03      0.07       0.80
   Low opinion of myself                                             −0.14      0.31       0.64
   Guilty feeling, regretful                                         −0.10      0.41       0.58
  Initial eigen values                                               10.45      2.02       1.57
  Eigen values after rotation                                        8.46       6.91       7.52
  \% of variance                                                     41.80      8.06       6.29
  Component correlation                                                                    
   Impulsivity                                                       1.00       0.49       0.58
   Inattention                                                       0.49       1.00       0.49
   Mood instability                                                  0.58       0.49       1.00

WURS, Wender Utah Rating Scale.

###### 

Associations between the WURS-K scores and the 5-HTTLPR genotype

  Group             WURS total   F1, impulsivity                                   F2, Inattention   F3, Mood Instability                                                   
  ----------------- ------------ ------------------------------------------------- ----------------- ------------------------------------------------- ------ ------ ------ ------
  Control           1.11         0.33                                              0.69              0.51                                              1.47   0.23   0.40   0.67
  MDD               0.25         0.78                                              0.40              0.70                                              0.05   0.96   0.24   0.79
   MDD, single      0.64         0.53                                              0.65              0.53                                              0.14   0.87   1.54   0.22
   MDD, recurrent   0.49         0.62                                              1.76              0.18                                              0.14   0.87   0.06   0.95
  BPD               0.53         0.59                                              0.05              0.95                                              1.65   0.20   0.36   0.70
   BPD, type I      1.56         0.22                                              1.35              0.26                                              1.55   0.22   0.76   0.47
   BPD, type II     3.94         0.03[\*](#tfn4-cpn-14-088){ref-type="table-fn"}   6.47              0.00[\*](#tfn4-cpn-14-088){ref-type="table-fn"}   2.70   0.08   0.79   0.46

Statistically significant (*p*\<0.05).

WURS-K, Korean version of the Wender Utah Rating Scale; 5-HTTLPR, serotonin transporter-linked polymorphic region; F1, factor 1; F2, factor 2; F3, factor 3; MDD, major depressive disorder; BPD, bipolar disorder.

###### 

Genotype distribution of 5-HTTLPR for each diagnostic group of mood disorders

  Group            Total   Male    Female                                    
  ---------------- ------- ------- -------- ----- ------- ---- ----- ------- ----
  Control          814     386     88       327   117     31   487   269     57
  MDD, single      58      28      2        17    8       0    41    20      2
  MDD, recurrent   95      35      14       14    8       4    81    27      10
  BPD, type I      75      36      6        32    14      1    43    22      5
  BPD, type II     26      10      1        6     2       0    20    8       1
  F                        8.127                  8.961              7.483   
  *p* value                0.421                  0.346              0.486   

5-HTTLPR, serotonin transporter-linked polymorphic region; s, short allele of 5-HTTLPR; l, long allele of 5-HTTLPR; MDD, major depressive disorder; BPD, bipolar disorder.
